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Considerable interest in porphyrin metabolism in light-sensitive persons has
been shown in recent years. There has been some controversy as to which of the
several porphyrins found in the urine is of special significance to this problem.
According to many reports, coproporphyrin I is increased and seems to be re-
sponsible, or at least accompany the symptoms, in many of these subjects. The
general opinion seems to be that this substance is produced as a by-product dur-
ing the synthesis of the respiratory pigments (1).
Brugsch (2) has shown the normal excretion in man to be 200 to 500 gamma in
24 hours, 40 to 50 gamma of this appearing in the urine. With diets containing
considerable meat, the urinary excretion of this substance may be doubled.
Keys (3), in a study of over 150 normal individuals, considers that the urinary
excretion of over 100 gamma in 24 hours is indicative of a pathologic state.
In studies being carried out in this laboratory, the problem of securing a
standard of comparison confronted us. Some authors, Beckh, Ellinger and
Spies (4), and Watson (5), obtained samples of pure substance from H. Fischer
in Germany, but there are no commercial sources for obtaining coproporphyrin I.
The majority of workers reporting quantitative studies either fail to mention the
source of material used as a standard, or indicate that hematoporphyrin is used.
Barnard (6) has presented a method of preparing hematoporphyrin for use as a
standard in porphyrin studies.
We know from numerous careful chemical studies, especially by H. Fischer
(7, 8, 9), that hematoporphyrin and coproporphyrin are closely related chemi-
cally and have similar colors in solution, but are not identical in composition.
Therefore, are we justified in using one substance as a standard in determining
the quantitative amounts of the other? The answer to this question is the aim
of the present study. By securing sufficiently pure coproporphyrin I to make
up solutions of known concentration and comparing the color intensity with
known concentrations of hematoporphyrin as obtained readily in the commercial
preparation Photodyne (Nordmark), we have found a simple conversion factor
which fulfills the requirements and which should be useful to others who are
interested in quantitative estimations of coproporphyrin in the urine.
1 From the Department of Pharmacology, University of Texas, and Dermatology,
University of Illinois, College of Medicine, Chicago, Illinois.
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METHODS
A. Isolation of pure coproporphyrin I
An enormous quantity of urine from normal individuals would be required to
furnish enough coproporphyrin for use in making up standard solutions. How-
ever, we were fortunate enough to have a patient under observation and study
who was excreting relatively large amounts of this substance. About 10 liters
of this patient's urine were extracted according to methods as described by Do-
briner (10) and Dobriner and Rhoads (11). In outline, the procedure was as
follows:
1. The urine was treated with 1/20 volume of 10 N-NaOH and 1/300 volume
of saturated CaC12 solution, followed by repeated and vigorous stirring during
six hours.
2. The precipitate which carries down the porphyrins was separated by cell-
trifugation and decantation and dissolved in the least possible amount of concen-
trated Rd.
3. The solution was then neutralized to congo red with solid sodium acetate
and 1/3 volume of glacial acetic acid added.
4. This mixture was extracted 3 times with equal volumes of ether and the
combined ether extractions washed several times with distilled water.
5. The porphyrin was then extracted from the ether with several portions of
1.37 N-HC1.
6. After neutralizing the combined HC1 extractions with saturated sodium
acetate solution, the procedure was continued according to the method used for
ordinary urine samples as follows:
Extraction of coproporphyrin from urine, a. 100 cc. urine sample put in 500 cc
separatory funnel.
b. Add 10 cc. saturated sodium acetate solution and 35 cc. glacial acetic acid.
c. Extract twice with 145 cc. ether.
d. Combine ether extracts and wash twice with 60 cc. 1-per-cent sodium ace-
tate solution.
e. Extract ether with 10 cc. 1.37 N-HC1 three times.
f. Neutralize the combined HC1 extracts to congo red with saturated sodium
acetate solution.
g. Add 5 cc. glacial acetic acid and extract this twice with equal volumes of
ether (about 50 cc.). Combine ether extracts.
h. Wash twice with 20 cc. portions of 1-per-cent sodium acetate solution.
i. Extract ether with 10 cc. 0.137 N-HC1 three times.
j. Shake combined HC1 extracts repeatedly with alcohol-free CHC13 (5 cc.)
until the CHCI3 is colorless.
k. Neutralize to congo red with saturated sodium acetate solution.
1. Add 2 cc. glacial acetic acid and extract twice with equal volumes of ether
(about 35 cc.)
m. Wash the ether (combined) with 14 cc. portions of 1-per-cent sodium ace-
tate solution twice.
AUTEO11S' MATERIAL
a. 0.5 mg. in 5 cc. 6.85 N-HC1
I 593.3
II 573.5
III 549.9
IV 525.2
b. 0.5 mg. in N/10 KOH
I 617.9
II 567.0
III 538.7
IV 503.5
c. 0.5 mg. in ether-acetic acid
I 623.8
II 595.7 (faint)
III 568.5
IV 529.0
V 494.5
COPROPROPEYRIN E
In 6.85 N-HC1
I 593.5
II 573.5 Schumm (12)III 549.75
IV 525.0
In N/10 KOlI
I 617.75 1II 566.5
HI 539.0 Schumm (12)
IV 504.0
In ether-acetic acid
I 623.5 1II 596.8
III 568.2 Watson (5)
IV 529.1
V 495.1
B. Identification of the isolated porphyrin
Numerous authors have examined solutions of pure porphyrins in the spectro-
scope and have shown that this method can be used to detect the various absorp-
tion bands which are characteristic for each of the several porphyrins studied.
For most positive identification, the preparation and determination of the melt-
ing point of the methyl ester is desirable, but we lacked sufficient material to
carry out this procedure.
We, therefore, determined the absorption bands of our purified material dis-
solved in ether-acetic acid, in 6.85 N-HC1, and in N/10 KOH. A Hilger constant
deviation type spectrometer was used in our study. Table 1 shows the results
found with our material and the figures reported by Schumm (12) and Watson
(5) for pure coproporphyrin I.
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n. Extract the ether twice with 2 cc. portions of 1.37 N-HC1 and make up to
a total volume of 5 cc.
o. This colored solution is read in a photelometer using the No. 2 Cenco green
filter, and the amount of porphyrin in the sample read from a graph prepared
from photelometer readings of known concentrations of porphyrin.
For further absolute purification of our material to be used as a standard, we
took the last acid extract (n. above) and neutralized it again with sodium acetate,
took it back into ether-acetic acid and washed this about 20 times with distilled
water, until the washings were neutral to litmus. The ether solution was then
evaporated to dryness and to constant weight in a vacuum desiccator.
TABLE 1
Absorption bands of the porphyrin isolated by the authors and of pure coproporphyrin
I (from literature)
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The absorption spectra of our material corresponds very closely with that of
pure coproporphyrin I as reported by these other investigators and we, therefore,
consider it to be coproporphyrin I.
C. Comparison of hematoporphyrin with coproporphyrin I
Known concentrations of hematoporphyrin in 1.37 N-HC1 were prepared from
Photodyne which contains 0.5 Gm. hematoporphyrin HC1 in 100 cc. and also
from pure hematoporphyrin HG! obtained from Nordmark Chemical Works
(New York) and read in the photelometer, the resulting readings being plotted
on the usual semilog paper. Likewise, 850 gamma of our coproporphyrin I was
weighed on a microbalance and dissolved in 10 cc. of 1.37 cc. of 1.37 N-HC1.
From this solution, further dilutions were made and read on the photelometer.
The plot of these curves is shown in Figure I.
Oemma per 5 c.c.50 100 150 ZOO 250 300 350 400
Hem&toporphyrrn- HCI
40 (pure sait)
I
CoroporphyrinI
30
FIGuRE 1
Since the curves of transmission for the solution made from Photodyne and
that from the pure hematoporphyrin HC1 are practically identical, the evidence
is in favor of this commercial preparation being a dependable solution for use as
a standard.
From the curves for hematoporphyrin and coproporphyrin we can read off the
quantity of coptopothytin that gives the same transmission in the photelometer
as known amounts of hematoporphyrin and thus find the comparative figures.
These, with their ratios, are given in table 2.
From these figures and from the transmission curves it can be seen there is not
an exact straight-line ratio between equivalent amounts of the two porphyrins.
A rather cumbersome formula can be derived to fit the relationship, but for all
practical purposes a factor of 0.7 would give a conversion of hematoporphyrin
figures to equivalents of coproporphyrin which would be well within the ordinary
experimental error for such determinations. If the final dilution of the extracted
material is such that each 5 cc. contains not over the equivalent of 100 gamma of
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TABLE 2
Amounts of coproporphyrin I equivalent in photelometer transmission to various amounts of
hematoporphyrin, HC1
(Gamma in 5 cc. 1.37 N-}iCl)
REMATOPORPUYRIN HC1 COPROPORPIIYIWc I RATIO C/H
gamma gamma
28 19.4 0.693
47 33 0.700
77 55 0.714
100 72 0.720
200 148 0.740
300 233 0.776
400 315 0.787
hematoporphyrin, then multiplication by the factor 0.7 gives the amount of
coproporphyrin with an error of less than 3.0 per cent.
Examples: (Porphyrin figures in gamma per 5 cc.)
ERMATOP0RpUYRnq
COPROPORPHYRIN
INDICATED ERROR
By factor By weight
28
47
77
100
19.6
32.9
53.9
70.0
19.4
33.0
55.0
72.0
+1.0%
—0.3%
—2.0
—2.8%
From the clinical viewpoint, one would hesitate to ascribe to procedure adopted
for therapy any significant change in porphyrin metabolism unless the variations
were probably 30 per cent or more from the previous level. This can readily be
understood when the rather wide daily variations in excretion as reported by
numerous investigators are noted. We feel, therefore, that the conversion factor
herein recommended would be considered quite accurate for general use.
Thus, the number of gamma of coproporphyrin in the sample examined equals
0.7 times the amount of hematoporphyrin HC1 giving the same photelometer
reading, or, Coproporphyrin = Hematoporphyrin X 0.7.
DISCUSSION
It is not within the scope of this paper to consider the significance of urinary
porphyrins, but rather to attempt to make the determinations of coproporphyrin
more uniform and to adopt a standard so that the results of various workers can
be better correlated. In the first place, the methods used for extraction should
be such as to insure the separation of the porphyrins so that a reasonably pure
sample of the specific one desired is obtained. Many workers have used the
method of Beckh, Ellinger and Spies (4) for coproporphyrin determinations,
probably because of its relative simplicity. This is important in any laboratory
since the time required to carry out the isolation may seriously limit the number
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of determinations that can be made. However, the shorter method is not de-
sirable if one must thereby sacrifice the accuracy of the determination. Dobriner
and Rhoads (11) have pQinted out that the B.E.S. method is not specific for
coproporphyHn; the method probably cannot even be considered to give gross
changes in the urinary porphyrin levels. The method of Dobriner (10) is quite
tedious, but at present there seems to be no alternative for the repeated extrac-
tions required to separate the several substances found in the urine.
The adoption of a uniform standard for general use is a second factor equally
important for consideration. Barnard (6) recognized this and presented his
method for preparing pure hematoporphyrin for such a use. If a commercial
preparation of dependable uniformity is readily available, we feel that sucb a
product would be desirable for general use. Many quantitative determinations
are made by color comparison with an entirely different substance, the requ ire-
ments being that it is stable for the time required and that a known relationship
exists between the color of known amounts of material and that of the standard.
We believe that such conditions have been fulfilled in this study, ascertaining the
relationship between known amounts of hematoporphyrin HCI as obtained in
Photodyne and known amounts of eoproporphyrin I as obtained by us. This
has been done over a range which should cover the requirements of most in-
vestigators.
It is also quite important that the range of normal values for urinary copro-
porphyrin excretion should be established in order to be able to recognize ab-
normalities. This cannot be done so long as the standard of comparison is not
equivalent in all investigations of the subj ect. The variations found in the litera-
ture might understandably be traced to this factor. We hope that this work will
help clarify this situation.
CONCLU5IONS
1. A commercially available solution of hematoporphyrin HC1 (Photodyne)
can be used as a standard for photelometer color comparisons in urinary copro-
porphyrin determinations.
2. The amount of eoproporphyrin as indicated by this color comparison should
be multiplied by the factor 0.70 to convert to terms of pure coproporphyrin I.
3. Short methods for determining coproporphyrin in urine do not appear to be
reliable and may lead to confusion in the interpretation of findings.
4. Investigators should state in their reports the standards used and the source
of the material.
5. In order to establish values for normal urinary coproporphyrin excretion,
a uniform standard should be adopted.
6. Lack of uniformity in the values reported by various investigators may be
due to the use of different standards of comparison.
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